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@ Connector piate assembiy. 



@ Double-sided connector plate assembly (1) 
for joining two wooden structures. The assem- 
bly is formed by essentially identical nail plates 
(4,4') comprising a plurality of spaced nails (5,5') 
formed by punching and bending, in which all 
the nails in one nail plate point to the same side 
of the plane of the plate. The connector plate 
assembly (1) is fomned of two nail plates (4,4 ) so 
that the surfaces (7, 7') on the side of the nails 
(5, 5') of the nail plates face each other and so 
that the nails (5) of the first nail plate (4) extend 
through the openings (6') left by the punching 
of the nails (5') of the second nail plate (4') and 
respectively the nails (5) of the second nail 
plate (4') extend through the openings (6) left by 
the punching of the nails (5) of the first nail 
plate (4) and the nails project as nails from the 
nailfree sides (14', 14) of the plates. The nails (5, 
5') of the connector plate form nail pairs (8), in 
which the rears (9 and 9') of the nails are at least 
essentially in the same plane or close to each 
other. 
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The invention relates to a double-sided connector 
plate assembly for joining two at least essentially 
wooden members, the assembly consisting of at least 
two essentially identical nail plates, each comprising 
a plurality of longitudinally spaced nails, which point 
away from the plane of the plate and have been for- 
med by punching and bending from this plate, 
whereby the openings left by the punching of the nails 
and the longitudinally spaced nails form lines of nails, 
and there is a plurality of such transversely spaced 
lines of nails in the plate, and all the nails arranged in 
one nail plate point to the same side of the plane of 
the plate, as well as the butt joint carried out by means 
of this connector plate assembly and the tool for 
assembling the connector plate assembly of the nail 
plates. 

Several types of connector plates or nail plates for 
joining essentially wooden members are known. The 
most general structure consists of a metal sheet in 
which nails have been punched and bent perpendicu- 
larly to the sheet. Such nail plates, in which all the 
nails point in one direction of the plate, are struck onto 
the wooden members when the wooden members 
have been disposed to form the shape of the desired 
joint. In optimal cases, the nails of these nail plates 
are toothed in order to improve the grip, and have 
been disposed in longitudinal concavity to improve 
the stiffness of the nail when it is being struck into the 
wood, as it has been disclosed by the Fl patent speci- 
fication 65643. This type of nail plates provide a suf- 
ficient joint strength for many purposes of use and 
they are easy to use. If noticeable strength is required 
of the joint with regard to other than tension and com- 
pression strength, particularly with regard to torsion, 
and especially if fire safety is required of the joint, 
other types of structures have to be used, since the 
metal part on the surface of the member conducts 
heat from the surface into the wooden structures dur- 
ing combustion, thus accelerating carbonization, and 
such a structure does not comply with safety regu- 
lations. 

The problem described above can be solved by 
using double-sided connector plates or nail plates. In 
this case, the wooden members to be joined consist 
respectively of at least two pairs of wooden members, 
the double-sided connector plate being interposed 
between them. For instance a timber joist will then 
consist of two timber members, placed longitudinally 
parallel with one of their surfaces facing each other. 
Such a timber is formed or joined to another timber or 
other timbers by a connector plate, which extends suf- 
ficiently far into the area of each timber to be joined 
to provide the required strength, and inbetween the 
two timber members of each timber, but at least not 
significantly outside the interface between the timber 
members. With this arrangement, no significant metal 
surface will be apparent. 

There are also several embodiments of such dou- 



ble-sided connector plates. Such a structure is des- 
cribed in the Fl patent specification 74319, in which 
the connector member is formed by a nailfree thick 
and strong frame plate, on each side of which nail 

5 plates made of a thinner material by punching and 
bending have been attached with their nailfree side 
facing the frame plate. Thus, a connector plate 
assembly has been achieved, which has a great 
strength in the direction of the plate and a high nail 

10 density. However, such a connector plate assembly 
requires the mastering of several production techni- 
ques and a number of production steps. Possible 
errors in these will cause the connector plate assem- 
bly to break under too small a load. The same jprob- 

15 lems are even more accentuated in connector plates, 
in which the nails have been directly welded to the 
frame plate, because there is a more marked point- 
wise distribution of the load in these. 

A different double-sided connector plate assem- 

20 biy has been described in the US patent specification 
3 841 195. The assembly consists of two nail plates, 
both of which have been manufactured from a metal 
sheet by punching and bending nails projecting from 
it. In both the nail plates, the nails are all directed to 

25 the same side of the metal sheet. The connector plate 
assembly has then been accomplished by assembl- 
ing these nail plates with their nailfree backs facing 
each other and by welding the plates together at the 
openings left by the punching. A welding of this kind 

30 is a complicated operation and makes the plate 
expensive. The plate also has a poor strength or at 
least unreliable strength properties, since the local 
weldings break easily under the heavy load they are 
submitted to. For instance, the nail plates may shear 

35 firom each other along the plane between them, since 
only the welds support the load in that direction. A 
more serious drawback occurs when the load acts on 
the nail inserted into the wood, and there are defor- 
mations of the nail plate, such as a deflection in the 

40 environment of this nail. This is due to the fact that the 
welds joining the nail plates are at a distance from the 
nails, so that the nail points do not fit tightly. On the 
other hand, it is technically difficult and expensive to 
arrange the welds at the root of each nail in order to 

45 retain it on the opposite surface of the nail plate. It is 
also difficult to press the connector plate assembly 
inbetween the wooden members, since the wooden 
portion is flexible at each nail, whereby the joint tends 
to open up slightly after pressing. The joint thus 

50 achieved will not be tight and yields still poorer 
strength. 

A structure having a better strength than the one 
described above is disclosed by the US patent speci- 
fication 4 486 115, in which the connector plate 
55 assembly consists of two nail plates, as above. The 
nail plates have been formed by perforating and bend- 
ing projecting nails from a metal sheet, and the nails 
point only to the one side of the plate. Separate holes 
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have also been punched in the nail plate, the arrange- 
ment of the holes corresponding to that of the nails 
and the holes having such dimensions that the nails 
pass easily through the holes without however allow- 
ing any considerable play. Subsequently, the connec- 
tor plate assembly has been formed from these two 
nail plates by interlocking them with the surfaces on 
the side of the nails facing each other, whereby the 
nails pass through the said holes of the other nail plate 
and project from the nailfree side of it. This connector 
plate assembly has an excellent strength with regard 
to the shearing described above, since a shearing 
along the plane between the nail plates would require 
that all the nails break. In fact, such a connector plate 
assembly is strong when submitted to tensile and 
compressive stress, but extremely weak with regard 
to bending and especially to torsion. Further, the nail 
density will be very low in the described structure, 
since the holes occupy the area of the plate, and thus 
the adhesion to the wooden members will be poor. 
The described structure also necessarily involves the 
inconvenience of the plate portion being loosely fitted 
at each nail when the connector plate assembly is 
being pressed between the wooden members, so that 
the joint tends to open up slightly after the compres- 
sion. In this structure, the problem is even more seri- 
ous than in the case of the US patent specification 3 
841 195, since the plates have not been attached to 
each other, but both the plates may deform regardless 
of each other. 

It would be possible to imagine the manufacture 
of a double-sided connector plate directly from one 
plate by punching and bending the nails on both sides 
of the plate. However, this would yield a very low nail 
density and a poor adhesion to the wooden members. 
It would also involve a complicated production tech- 
nique, and hence a high price. 

Consequently, the object of the invention is to 
provide a double-sided connector plate assembly, 
which is very resistant to tactile, compressive, flexural 
and torsion stress, and which permits to arrange as 
high a nail density as is generally possible by punch- 
ing and bending. The object of the invention is also a 
connector plate assembly, which transfers the loads 
to the plate portion efficiently and without breaking 
and in which the plate portion has a good total 
strength. Further, the object of the invention is a con- 
nector plate assembly, in which there is essentially no 
deformation of the plate portion, or a very slight defor- 
mation at each nail, when the connector plate assem- 
bly is being pressed inbetween the wooden members. 
Also, the object of the invention is to provide a con- 
nector plate assembly of the type described above, 
which is easy to manufacture at a low cost. Finally, the 
object of the invention is to provide a tool, by means 
of which the connector plate assembly of the above 
type can be easily, rapidly and reliably assembled 
ready for use, and to achieve a perfectly strong joint 



that provides fire safety. 

The objects defined above are achieved and the 
problems described are solved by a connector plate 
assembly, which is characterized by the features 
5 defined in the characterizing part of claim 1 , by a joint 
using this connector plate assembly, which is charac- 
terized by the features defined in the characterizing 
part of claim 10, and by a fixing tool, which is charac- 
terized by the features defined in the characterizing 
10 part of claim 12. 

The invention will be described in further detail 
below with reference to the enclosed drawings. 

Figures 1A and IB show a cross-section of one 
embodiment of the connector plate assembly accord- 
15 ing to the invention along the lines A and B respect- 
ively of the nail plate in figure 2. 

Figure 2 shows a nail plate produced by the con- 
nector plate assembly of figures 1 A and 1 B seen from 
the toothed side towards its surface. 
20 Figures 3A and 3B show a cross-section of 

another embodiment of the connector plate assembly 
according to the invention along the lines C and rep- 
sectively D of the nail plate in figure 4. 

Figure 4 shows the nail plate produced by the 
25 connector plate assembly of figures 3A and 3B seen 
from the toothed side towards its surface. 

Figure 5 shows the structure of figure 1A in the 
assembling stage of the nail plates. 

Figure 6 shows the connector plate assembly of 
30 figures 1 A and 1 B in the same perspective as in figure 
2. 

Figure 7 shows a nail plate produced by a third 
embodiment of the connector plate assembly accord- 
ing to the invention seen from the toothed side 
35 towards its surface. 

Figure 8 shows the connector plate assembly car- 
ried out with the nail plate of figure 7, in the same 
perspective. 

Figure 9 shows a detail of the joint area between 
40 the nail root and the plate portion in one embodiment 
of the invention seen in the plane ll-ll of figure 10. 

Figure 1 0 shows a detail of figure 9 along the 
plane l-l of figure 9. 

Figure 11 shows an axonometric view of the 
45 press member of the fixing tool according to the inven- 
tion. 

Figure 12 shows a fire-safe butt joint according to 
the invention perpendicularly to the plane of the con- 
nector plate. 

50 Figure 1 3 shows a nail plate produced by a fourth 

embodiment of a connector plate assembly according 
to the invention, seen from the toothed side towards 
its surface. 

Figure 14 shows a cross-section of a connector 
55 plate assembly carried out with the nail plate of figure 
13 along the line K/L'-K/L' of figure 15. 

Figure 15 shows the connector plate assembly 
carried out with the nail plate of figure 13 in the same 
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perspective. 

Figure 16 shows a detail of another preferred 
embodiment of the nail intended for the connector 
plate assembly according to the invention. 

A closer look at figure 2, figure 4, figure 7 and fig- 
ure 13 shows the nail plate 4, which is formed by a 
metal and typically steel sheet, from which nails 5, 
shown by oblique lines, have been perforated and 
bent in a manner known per se. In these figures, the 
nail plate 4 has been illustrated from the toothed side, 

1. e. the nails 5 point upwards. Thus, the position of the 
nail plate in figure 2 corresponds to the lower nail plate 

4 of the connector plate assembly in figures 1A and 
1 B, in which the nails point upwards and the nail plate 
of figure 4 corresponds to the lower nail plate 4 of the 
connector plate assembly of figures 3A and SB, in 
which the nails also point upwards, and likewise the 
nail plate of figure 13 corresponds to the lower nail 
plate 4 of the connector plate assembly of figure 14. 
The figures show that the perforation and bending of 
the nails has left nail-shaped openings 6 in the plate 
portion. In figures 1A-8 and 13-15 the nails and the 
openings are presented only with regard to their posi- 
tioning, their shape not complying with the preferred 
embodiments of the invention, which appear in figures 
9, 10 and 16. The width of the nails is indicated with 
reference N1 and their thickness with reference T. 
The thickness T is essentially equal to the thickness 
of the plate material, if the nail has a straight cross- 
section as shown in figure 10, but has a greater 
maximal dimension if the nails are shaped with a cur- 
ved or similar cross-section. The rear 9 of the nail is 
the side of the nail pointing to the opening left by the 
bending of the nail. 

The nails 5 may be bent counter clock-wise, i.e. 
in the bending direction a , as all the nails in figures 4 
and 7 and about half of the nails in figures 2 and 13, 
or clockwise, i.e. in the bending direction , as the other 
half of the nails in figures 2 and 13. These bending 
directions have been marked also in figures 1A, 1B, 
3A, 3B, 5 and 14 as well as the nail plate 4, the nails 

5 and the openings 6. The surface of the nail plate that 
is on the toothed side is marked by reference 7 and 
the nailfree side with reference 14. The embodiment 
of figures 4 and 7 may of course be such that all the 
nails are bent in the direction p , i.e. clock-wise. 

In the nail plate, the nails 5 and the openings 6 left 
by their perforation and bending typically define nail 
lines, as lines A and B in figure 2, lines C and D in fig- 
ure 4 and lines E and F in figure 7, as well as lines K 
and L in figure 13. In most cases, the nails of each line 
are always bent in the one bending direction. In figure 

2, the nails of the first line A are bent in the direction 
a and the nails of the other lines B are bent in the 
direction p , and moreover, the lines A and B alternate 
transversely to the line direction, spaced by intervals 
H1 and H2, which generally are equal. Usually the 
nails 5 are equally spaced S3 in the line direction, 



regardless of the line. 

Figure 4 and figure 7 also show mutually dis- 
placed lines C and D and respectively lines E and F. 
In the embodiment of figure 4 the interspaces S4 of 

5 the nails 5 in the line direction are also mutullay equal, 
as are the interspaces H3 and H4 of the lines. The 
lines C and D differ from each other only in that in the 
respective line, the nails are placed at different points 
in the line direction S4 according to a regular pattern. 

10 In the embodiment of figure 7, the interspaces S5 and 
S6 of the nails 5 in the line direction are generally also 
mutually equal as are also the interspaces H5 of the 
lines. The lines E and F also differ from each other 
only in that in the respective line, the nails are placed 

15 at different points in the line direction S5, S6 accord- 
ing to a regular pattern. 

Figures 13 and 14 show an embodiment of the 
invention, in which the nails 5 and the openings 6 left 
by them define lines K and L, in both of which the nails 

20 are alternately bent in the direction a and the direction 
p . In the embodiment shown, at least two nails are 
perforated and bent in opposite directions leaving a 
common opening 6, as shown in figure 1 3 and also in 
figure 14. However, this is not necessary, although it 

25 is advantageous. In this case, the nail openings of the 
adjacent lines K and L alternate, but they may also be 
disposed essentially matching each other in a manner 
not represented. The interspaces H6 of the lines K, L 
are preferably mutually equal and the interpaces S7 

30 of the nails in the line direction are equal in all the lines 
in this case. 

The other, i.e. the first nail plate 4 of the connector 
plate assembly and its elements are marked with 
usual numerals or letters in the figures, as in figures 

35 2, 4, 7 and 13, in which the nail plates correspond to 
the lower nail plate of the section views 1A, IB, 3A, 
3B, 5 and 14. The second, i.e. the upper nail plate 4' 
of the connector plate assembly 1 and its elements 
are marked with numerals and letters with an 

40 apostrophe, having the same significations as the 
above references without apostrophes, except that 
they represent the upper, turned nail plate in the sec- 
tion views mentioned above. Thus, reference 5' 
denotes a nail of the upper nail plate, reference 6' an 

45 opening of the upper nail plate, reference 7' the sur- 
face on the toothed side of the upper nail plate etc. in 
the respective views of the connector plate assembly. 
Thus, references with apostrophes are also used to 
denote parts of the upper nail plate 4' in figures 6, 8, 

50 9 and 1 0, as well as 1 4 and 1 5. According to the inven- 
tion, two interconnected nail plates 4 and 4' are pref- 
erably identical, they are in fact the same nail plate, 
which can be manufactured for instance on a produc- 
tion line and from which two or more pieces are taken 

55 for instance by cutting in order to form the connector 
plate assembly. In this case, the position and the 
bending direction of the nails must comply with speci- 
fic rules in each case so that the nails 5 and 5' pass 
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through the other nail plate according to the invention. 

The configuration and properties of the connector 
plate assembly according to the invention are 
examined below with the aid of figures 1A, 1B, 2, 5 
and 6, which all represent the same preferred embo- 
diment. The connector plate assembly is formed by 
using two nail plates 4 and A' according to figure 2. 
The second nail plate 4' is swung on top of the first nail 
plate 4 so that their nails 5 and 5' point towards each 
other, as shown in figure 5, which is a section of the 
plane A/A'-A/A' of figure 6. The elements of the sec- 
ond nail plate 4' are illustrated in black, whereas the 
elements of the first nail plate are represented by obli- 
que lines, as also in figure 6. In this embodiment of the 
invention, the nail plate 4 and the nail plate A' are 
mutually positioned so that the lines A of the lower 
plate 4 coincide with the same lines A of the upper 
plate A' and respectively, the identical lines B and B' 
coincide. In the original plate coming from the produc- 
tion line, lines A and A correspond to the same bend- 
ing direction a and lines B and B' to the same bending 
direction |3 . In this manner, there is no displacement 
in the width direction H1, H2 between the upper and 
the lower nail plate, signifying also that the spaces HI 
and H2 between the lines do not necessarily have to 
be equal, even if this is usually a practical solution. 

According to the invention, the nails 5' of the 
upper nail plate are respectively positioned with 
regard to the nails 5 of the lower nail plate so that their 
rears 9' are at least essentially in the same plane as 
the rears 9 of the nails 5, or the rears 9 and 9' are at 
least positioned close to each other. Moreover, the 
upper nails 5' pass through the perforations 6 of the 
lower nails and respectively, the lower nails 5 pass 
through the perforations 6' of the upper nails. When 
the upper plate A' is pressed by means of the two 
press members 30 and 30' of the invention in the 
direction of the arrow P tightly against the lower plate 
4 so that the surface 7' on the side of the nails of the 
upper plate is pressed tightly against the surface 7 on 
the side of the nails of the lower plate, the result is the 
finished connector plate assembly 1, in which the 
nails 5' of the upper nail plate A' project as effective 
nails with the length N3 from the nailfree surface 14 
of the lower nail plate and respectively, the nails 5 of 
the lower nail plate 4 project as effective nails with the 
length N3 from the nailfree surface 14' of the upper 
nail plate. The section of the finished connector plate 
at the point of the nail lines A and A is shown in figure 
1A and at the point of the nail lines B and B' in figure 
1B, and as a schematic top view perpendicularly to 
the surface 14' in figure 6. This set-up yields nail pairs 
8 in the connector plate assembly. Each nail pair 8 
denotes the two nails 5, 5' passing through each 
other's perforations 6', 6 and the rears 9, 9' of which 
are essentially in the same plane or close to each 
other, as shown in figures 1 A, 1 B and in figure 6 at the 
nail line A/A'. 



The advantage provided by the nail pairs 8 is that, 
when the connector plate assembly is being pressed 
for instance between two wooden members on the 
working site, no deformation of the plate portions is 

5 allowed, since a nail is provided essentially at the 
same point on the other side of the connector plate 
assembly. In this way, the opposite forces excercised 
through the nails compensate each other and the 
plate portion between the nails 5. 5' are not subject at 

10 least to any significant moment which would bring 
about a deformation. This matter is easy to under- 
stand by studying figures 1A and IB. Supposing that 
the nails are subject to a pressure Q from both sides 
towards the interface 7, 7', this would result in the bent 

15 root portions 1 1 and 1 1 ' of the nails (cf. figure 9) bear- 
ing on each other, and no deformation would occur in 
the plate area 2 between the nails (lined area in figure 
6). The second clearly observable advantage is the 
high nail density, since already existing openings are 

20 taken advantage of in the structure, so that the plate 
surface does not have to serve additional purposes. 

The structure according to the invention des- 
cribed above can be carried out by many different nail 
positioning patterns on the plate surface, provided 

25 that the nail pairs 8 are produced in the manner des- 
cribed above, the nail plate being swung as a mirror 
image on itself about one lateral direction. In this con- 
nection, a reasonable lateral displacement in one 
direction of the interface 7. 7' is always allowed. 

30 In the embodiment of figures 1A, 1B, 2, 5 and 6, 

the positioning pattern has to fulfil the definition des- 
cribed below, supposing that the nails form rows in 
identical lines A and respectively B, i.e. they are 
arranged according to a repeated pattern. If the nails 

35 in the first line A form first rows a perpendicular to the 
line direction S3 and the nails in the second lines B 
form second rows b perpendicular to the line direction 
S3, the rears 9 of the nails in each first row a should 
be aligned along a line placed in the middle of the dis- 

40 tance 2*S1 ; this distance is formed between two con- 
secutive rows of the second rows b, the distance 
being measured from the rear 9 of the nails of one nail 
row b| of the second lines B through the nail 5, to a 
point which is at least essentially at a distance equal 

45 to the nail thickness T from the rear 9 of the nails of 
the following nail row bn in this line direction towards 
the said preceding nail row bj. Analogously, in each 
second row b, the nail rears 9 should be aligned along 
a line b, which is placed in the middle of the distance 

50 2*S1 , formed between two consecutive rows of the 
first rows a, the distance being measured from the 
rear 9 of the nails in one nail row aj of the first lines A 
through the nail to a point, which is at least essentially 
at a distance equalling the nail thickness T in this line 

55 direction from the rear of the nails of the following nail 
row aj+i towards the said preceding nail row aj. Thus, 
both the first and the second rows a, b are at a point 
that fulfils the definition S1 = (S3 -T)/2, as is clearly 
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shown in figure 2. The subscripts, which indicate the 
direction, grow in numeric value towards the bending 
direction a or |3 In each nail line, I.e. In the direction 
perforation opening - bent nail. Here and in the follow- 
ing, the subscripts i and j denote any row and i±n or 
j±n any row placed at a different point than these In 
accordance with the growth rule for the subscript men- 
tioned above. 

According to the invention, the strength of the 
connector plate assembly 1 1s further enhanced by the 
strong grip between the bent root of the nails 5, 5' and 
the matching opening 6', 6, which is explained in con- 
nection with figures 9, 10 and 16. According to the 
invention, the nails 5 and 5' have for Instance a tap- 
ered shape from the bending point 1 0, 1 0' towards the 
point of the nail, whereby the openings 6, 6' left by 
them in the nail plate are also tapered beginning from 
the bending point. As the nails 5 and 5' of the nail pairs 
8 pass through the openings 6' and respectively 6 
mutually left by them, the root portion 11, 11' of the 
penetrated nail is compressed between the tapering 
sides 12 of the opening. This Is especially seen In fig- 
ure 10, In which the edges of the nail 5' of the upper 
nail plate 4' are pressed between the sides 12 of the 
opening 6 of the lower nail plate 4, whereby a defor- 
mation area 13 arises at the point of contact between 
the opening and the opening sides, the deformation 
area interlocking the nail of the first plate and the sec- 
ond plate undetachably. Analogously, the nail 5' of the 
second plate is undetachably connected to the first 
plate 4. In this way, each nail pair 8 connects the first 
and the second nail plate in four deformation areas 
13, as is shown in figure 9. Another design which pro- 
duces a particularly strong grip involves the use of a 
nail having a curved cross-section, which Is shown In 
figure 16, this curvature being accomplished in 
accordance with a specific production method. A nail 
5 having a curved cross-section, for Instance a coved 
rear 9, is formed in the nail plate 4 or 4', by pressing, 
directly from the sheet of raw material, curved teeth 
projecting from the plate surface and extending con- 
tinuously or at least to the area of the nails to be for- 
med. They are of course protrusions on one side of 
the plate and recesses on the opposite side, the cur- 
vature of which is perpendicular to the length of the 
nail. After this, the punching and bending of the nail 
are carried out normally, in the manner described in 
the Fl patent specification 65643 mentioned above. 
However, the bending causes the curvature 40 to 
straighten out (not represented in the above patent 
specification) from the bending point 10, 10' of the 
root portion 1 1, 1 1' of the nail (cf. e.g. figure 9). When 
the curved dimension 41a is straightened, the result 
is an identical straight dimension 41b, the length of 
which is the same, but of course greater than the 
dimension 42 of the span of the curved portion, which 
equals at least essentially the width N1 presented in 
the other figures. This appears in figure 16, in which 



the dilatation is marked with reference 43 and has the 
dimension approx. (dimension 41)-(dimension 42). 
The distance between the sides 12 of the opening 6 
does not of course change, and hence, as such a nail 

5 5 and 5' with a straightened curvature at its root 1 1 or 
1 1' is being pressed into the opening 6' and 6, which 
retains its initial width, deformation areas arise be- 
tween the root portion of the nail and the opening 
sides 12, these areas interlocking the nail plates 

10 undetachably at the nail pairs 8, as described above. 

Although both a slightly tapered and the above 
curved shape of the nail are evidently the most effi- 
cient shapes for connecting the nail plates, slight 
deformation areas also arise between the uniform 

15 nails and the edges of the uniform holes, probably 
because the punching and the bending of the nail pro- 
duce a plastic deformation of the root portion 1 1 ,1 1' 
of the nail precisely at the bending point 10, 10', caus- 
ing the root portion to widen. This widening or similar 

20 bring about the deformation areas 1 3 between the nail 
and the edges of the opening. In other words, the 
compression and the strength of the joint are enh- 
anced by a deformation caused in the root portion by 
the bending of the nail. Thus, the nail pairs according 

25 to the invention bring about an undetachable connec- 
tion of the nail plates 4 and 4' into a connector plate 
assembly 1. It Is obvious that the forcing of nails be- 
tween the sides of the opening 6 or6' can be obtained 
by many other designs, such as barbed nails, an 

30 undulated shape or similar. The same designs of the 
nail sides can be used for improving the grip of the nail 
with the wooden structure, for instance in analogy with 
the design of shanked nails. 

Figures 3A, 3B and 4 illustrate another position- 

35 Ing pattern of the nails, by means of which the connec- 
tor plate assembly according to the invention is 
obtainable. Hypothetically, the nails form rows, i.e. 
are arranged according to a repeated pattern in iden- 
tical lines C and respectively D. The connector plate 

40 assembly 1 is formed by the two nail plate members 
4 and 4' by swinging the nail plates having an identical 
nail pattern on top of each other, with the first lines C 
and C in matching alignment and the second lines D 
and D' in matching alignment, whereby the nails of the 

45 first lines C and C together fonm the above nail pairs 
8 and the nails of the second lines D, D' together from 
the above nail pairs 8 (as in the case of the above fig- 
ures 1A, IB and 2 respectively in lines A, A' and B, 
B'). In this case, if the nails in the first lines C form first 

50 rows c perpendicular to the line direction S4 and the 
nails in lines D fomri second rows d perpendicular to 
the line direction S4, the rears 9 of the nails in each 
first row c should be aligned according to a line C|, 
which is placed in the middle of the distance 2*S2 for- 

55 med between the rears 9 of the nails of two consecu- 
tive rows dj and dj+i of the second rows, and in each 
second row d, the rears 9 of the nails should be 
analogously aligned according to a line dj, which is 
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placed in the middle of the distance between the rears 
of the nails of two consecutive rows q and q+i of the 
first rows. In this case, both the first and the second 
rows c and d are at a point that fulfils the definition S2 
= S4/2. The subscripts follow the same direction rule 
as presented above. 

Figures 7 and 8 illustrate a third positioning pat- 
tern of the nails, by means of which the connector 
plate assembly according to the invention is obtain- 
able. Hypothetically, the nails form rows, i.e. are 
arranged according to a repeated pattern in identical 
lines E and respectively lines F. The connector plate 
assembly is formed of the said two nail plates 4 and 
4' by swinging two nail plates having an identical nail 
pattem on top of each other, with the first lines E in 
matching alignment with the second lines F and the 
second lines F in matching alignment with the first 
lines E, whereby the nails of the first and second lines 
E and F together form the above nail pairs 8, and the 
nails of the second and the first lines form analogously 
the above nail pairs 8. In this case, if the nails in the 
first line E form first rows e perpendicular to the line 
direction S5, S6, and the nails in the second lines F 
form second rows f perpendicular to the line direction, 
the rears 9 of the nails in each first row e should be 
aligned along a I ine placed at least essentially at a dis- 
tance equalling the nail thickness T from the rear 9 of 
the nails of the second row f outwards from the nail, 
and analogously in each second rowf, the rears of the 
nails are aligned along a line, which is placed at least 
essentially at a distance equalling the nail thickness 
T from the rear 9 of the nails of the first row e in the 
direction of the nail thickness. Figure 8 shows this 
connector plate assembly. It can be noted that con- 
trary to the two preceding embodiments, the second 
nail plate 4' has been displaced over one line space 
H5 transversely to the first nail plate 4. 

Thus, two embodiments have been described 
above, in which the second nail plate has been swung 
on top of the first one with the nail lines kept in align- 
ment, the one nail plate having different bending 
directions in alternating nail lines and the second nail 
plate having the same bending direction in each line, 
and one embodiment, in which all the nail lines have 
the same bending direction, but the lines are trans- 
versely displaced with regard to their alignment. The 
invention is not limited to these embodiments. Thus, 
for instance, in each nail line, the nails may be alter- 
nately bent in a first and a second direction, whereby 
in each line, the spaces between the nail rears in the 
line direction vary periodically depending on the bend- 
ing direction, or are equal, the transverse spaces be- 
tween the nail lines being usually equal. Figures 
13-15 show such an optional embodiment, in which a 
second nail plate 4' of the described type is swung on 
top of a first nail plate 4 so that the lines L' of the sec- 
ond nail plate are aligned with the nail lines K of the 
first nail plate, forming the nail pairs 8, and the nail 



lines K' of the second plate are aligned with the lines 
L of the first plate, forming also nail pairs 8. The 
assembling method is thus the same as in the case of 
figures 7 and 8. A nail positioning pattern of this type 

5 can of course be conceived, in which the nails are 
alternately or otherwise bent in the direction a and p, 
in each respective line, but in which each line is turned 
back on itself. The aspect of the nail line will however 
be different than the one shown in the figure. Other 

10 options for the nail pattern can be easily invented. 
These pattems may be complicated and have an 
irregular aspect, however the simple patterns des- 
cribed above are most often the most practical ones. 
In an ordinary nail plate the nails 5 are bent so as 

15 to be perpendicular to the surfaces 7 and 14 of the nail 
plate. This is a useful and often the most economic 
method even for the connector plate assembly 
according to the invention, the nails 5 and 5' being 
also perpendicular to the surfaces 14' and 14. A 

20 further version of the above connector plate assembly 
comprises an option, in which the nails are not per- 
pendicular to the plate surfaces 7 and 14. The nails 
may be for instance inclined in different directions in 
alternating lines. In the positioning pattern of figure 2, 

25 it can be supposed that the bending angles a , as well 
as the bending angles p differ from the value 90"", 
being preferably somewhat smaller, whereby nail 
rows a and b are formed, having nails inclined towards 
each other or away from each other. The connector 

30 plate assembly is then affected so that the space 9 
and 9' between the nail rears in the nail pairs 8 
increases slightly, and thus they are no longer in the 
same plane but close to each other. The space is how- 
ever small compared to solutions in prior art, so that 

35 no deformation can be observed. This structure has 
the advantage of an excellent grip, for instance to 
laminated wood. If again, the inclination is arranged 
in one direction on the nail plate, the nail plates can 
be pressed together obliquely in a corresponding 

40 angle, and this arrangement enables to make the 
nails 5 and 5' of the nail pairs 8 at least nearly coin- 
cide, in other words, the opposite nails would be fully 
aligned in a manner not represented in the figure, and 
not merely with their rears 9 and 9' tangentially alig- 

45 ned, as shown in the figure. 

The nails can obviously comprise any forms 
known per se or similar on any surface, for instance 
to provide a better grip with wood. It should also be 
noted that the cross-section of the nails can have 

50 another shape than the rectangle or curved rectangle 
described. In this case, the effective surface, along 
which the nails can move longitudinally with regard to 
each other in the described manner, should be inter- 
preted as the rears 9, 9' of the nails, and consequently 

55 as their mutual plane. An analogue interpretation is 
appropriate if the nails are not perpendicular to the 
plate surface. Generally, the nails 5 and 5' of the nail 
pairs 8 are close to each other according to the inven- 
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tion, this proximity usually meaning a measure of the 
order of one or a few material thicknesses or nail 
thicknesses In the line direction. 

Figure 1 1 shows a press tool 30 according to the 
invention, used as a tool at least when the nail plates 
4 and 4' are being joined. Two such press tools, i.e. 
30 and 30' are then used. One press tool consists of 
one whole piece, which may be of hard wood, plastic 
or metal, or in which one side 31 is formed of alternat- 
ing ridges 32 and grooves 33. The width M2 of the 
ridges is equal or slightly smaller than the space HI , 
H2, H3, H4, H5, H6 between the axes of the nail lines 
of the present nail plate, from which the width N2 of 
the root portion of each respective nail is substracted. 
Thus, the ridges 32 or 32' pass in between the nail 
lines, as shown in figure 9, in which the press tools are 
indicated with dotted lines. The widths M1 and depths 
M3 of the grooves are equal or greater than the width 
N2 of the root portion of the nails, and respectively the 
length N3 measured from the free surface 14 or 14' of 
the connector plate assembly 1. When the nail plates 
are being pressed together, the nails 5 or 5' pass in 
the grooves 33 or 33', as shown in figure 9. One press 
tool can be used for pressing the additional nail plate 
described below into the wooden structures, but prim- 
arily two press tools are used for assembling the con- 
nector plate assembly. The nail plates 4 and 4' 
described above are pressed together between the 
two press tools, as shown as a lateral view in figure 
5, where the press tools are also Illustrated with dotted 
lines. The final situation of the pressing is represented 
as a cross-section in figure 9. Designing and dimen- 
sioning the press tools to match the nail plates is an 
essential feature, since the above compression defor- 
mation areas 13 require an accurate production step 
without generating any play. 

Figure 12 shows an advantageous and fire-safe 
joint 20 obtainable with the connector plate assembly 
according to the invention. This is a butt joint, which 
has tensile, compression, bending and torsion 
strengths in a class of their own compared to 
strengths obtained by conventional connector plates. 
A Joint of this type Is generally not even carried out by 
using a nail plate, precisely because of the insufficient 
strength. The butt joint connects two timbers 24 and 
24', each of which consisting of two timber members 
21, 22 and respectively 21', 22'. In this joint 20, the 
connector plate assembly extends to the side of the 
first timber 24 so that the members 21 and 22 forming 
the timber are pressed on both sides of the connector 
plate assembly as the nails 5, 5' are embedded in 
these wooden members by their entire length N3. The 
connector plate assembly extends analogously to the 
side of the second timber 24', so that the wooden 
members 21 ' and 22' are pressed on both sides of the 
connector plate assembly as the nails 5, 5' are inser- 
ted in these wooden members by their entire length 
N3. The ends 23 and 23' of the timbers 24 and 24' 



abut on each other and the connector plate assembly 
extends from this point essentially equally far in the 
direction of each timber. In order to achieve fire-safe- 
ty, the width of the connector plate assembly perpen- 

5 dicularly to the the length of the timbers 24 and 24' 
and the ends 23 and 23' is smaller than the width of 
the timbers in this direction, the nail lines being gen- 
erally at least essentially parallel to the said length. 
When needed, additional nail plates are pressed on 

10 both the lateral surfaces 25 and 26 of the timbers, the 
additional nail plates being preferably of the same 
type as the nail plate forming an element of the used 
connector plate assembly, as its nails are embedded 
in the wooden members by Its entire length, which in 

15 this case is N3 + T. 

The invention has been schematically described 
in the above description and figures. The following 
data can be provided as an example of practical 
dimensioning for a connector plate assembly. The 

20 material thickness T of the nail plate can be e.g. c. 1 
mm, the width of the nails c. 3 mm, the length of the 
nails c. 15 mm, the spaces between the nail lines c. 
10 mm and the spaces between the nail rows c. 12 
mm on the average. The dimensioning and the meas- 

25 ures may of course vary considerably depending on 
the purpose of use. 



Claims 

30 

1. Double-sided connector plate assembly (1) for 
joining at least two members essentially of wood, 
the assembly consisting of at least two essentially 
identical nail plates (4, 4') with the surfaces (7, 7') 
35 on the side of the nails (5, 5') facing each other, 

each nail plate comprising a plurality of longitudi- 
nally spaced nails (5, 5'), which point away from 
the plane of the plate (4, 4') and have been for- 
med by punching and bending from this plate, 
40 whereby the openings (6, 6') left by the punching 

of the nails and the longitudinally spaced nails 
form nail lines (A, B; 0, D; E, F; K, L) and there is 
a plurality of such transversely spaced (HI, H2; 
H3, H4; H5; H6) nail lines in the plate and all the 
45 nails in one nail plate point to the same side of the 

plane of the plate, characterized In that, of the 
two nail plates (4, 4') of the connector plate 
assembly (1), the nails (5) of the first nail plate (4) 
extend through the openings (6) left by the punch- 
so ing of the nails (5') of the second nail plate (4'), 
projecting from the nallfiree side (14') of this sec- 
ond plate (4') and analogously, the nails (5') of the 
second nail plate (4') extend through the open- 
ings (6') left by the punching of the nails (5) of the 
55 first nail plate (4), projecting as nails from the nail- 
free side (14) of this first nail plate, and in that the 
nails (5) of the first nail plate and the nails (5') of 
the second nail plate form nail pairs (8), in which 
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the nails (5 and 5') of the first and the second nail 
plate extend through the mutual openings (6 and 
6') left by the punching into opposite directions, in 
which the rears (9 and 9') of the nails thus face 
each other and are at least essentially in the sanne 5 
plane or close to each other. 

Connector plate assembly according to claim 1 , 
characterized in that in each nail line (A, B; C, D; 
E, F), the nails are bent in the same, first (a) or io 
second (|3) bending direction, in that the 
interspaces (S3; S4; S5 and S6) between the 
rears (9, 9') of the nails are preferably equal in 
each nail line and/or the transverse interspaces 
(HI and H2; H3 and H4; H5) between the nail is 
lines are preferably equal. 

Connector plate assembly according to claim 1, 
characterized in that in each nail line (K, L), the 
nails (5) are alternately bent in the first (a) and the 20 
second (p) direction, whereby in each line, the 
interspaces between the rears (9) of the nails in 
the direction of the nail lines (S7) vary periodically 
depending on the bending direction or are equal 
(S7), and/or the transverse interspaces (H6) be- 25 
tween the nail lines are preferably equal. 

Connector plate assembly according to claim 2, in 
which in the transverse direction, parallel lines of 
the nail plate (4 or 4') have the nails alternately 30 
bent in the first lines (A) in a first direction (a) and 
in the second lines (B) in a second direction (P), 
characterized in that the nails in the first lines (A) 
form first rows (a) transverse to the line direction 
(S3) and the nails in the second lines (B) form 35 
second rows (b) transverse to the line direction 
(S3) and in that in each first rows (a), the nail rears 
(9) are mutually aligned along a line (a), which is 
placed in the middle of the distance (2*S1) for- 
med between two consecutive rows of the second 40 
rows (b), the distance being measured from the 
nail rears (9) in one nail row (b|) of the second 
lines (B) through the nail (5) to a point which is at 
least at a distance equalling the nail thickness (T) 
from the nail rears (9) of the following nail row 45 
(bi+i) in this line direction towards the said preced- 
ing nail row (bj) and in each second row (b), the 
nail rears (9) are respectively mutually aligned 
along a line (b) placed in the middle of the dist- 
ance (2*S1) fornied in the manner described be- 50 
tween two consecutive rows (aj and aj+i) of the first 
rows, whereby both the first and the second rows 
(a, b) are at a point that fulfils the definition S1 = 
(S3-T)/2. 

55 

Connector plate assembly according to claim 2, in 
which in first (C) and second (D) lines parallel in 
the transverse direction of the nail plate (4 or 4'), 



the nails are bent in the same, first or second 
direction ( a , p ), characterized in that the nails 
in the first lines (C) form first rows (c) transverse 
to the line direction (S4) and the nails in the sec- 
ond lines (D) fomi second rows (d) transverse to 
the line direction (S4) and that in each first row (c), 
the nail rears (9) are mutually aligned along a line 
(c) placed in the middle of the distance (2*S2) for- 
med between the nail rears (9) in two consecutive 
rows (dj and dj+i) of the second rows and in each 
second row (d) the nail rears (9) are respectively 
mutually aligned along a line placed in the middle 
of the distance formed between the nail rears (9) 
of two consecutive rows (Cj and Cj+i) of the first 
rows, whereby both the first and the second rows 
(c, d) are at a point that fulfils the definition (S2 = 
S4/2). 

6. Connector plate assembly according to any of the 
preceding claims, characterized in that the con- 
nector plate assembly (1) is formed of the said 
two nail plate members (4 and 4') by swinging nail 
plates having an identical nail positioning on top 
of each other with the first lines (A and A'; C and 
C) in matching alignment and the second lines (B 
and B'; D and D') in matching alignment, whereby 
the nails of the first lines (A-A'; C-C) mutually 
form the said nail pairs (8) and the nails of the sec- 
ond lines (B-B'; D-D') mutually form the said nail 
pairs (8). 

7. Connector plate assembly according to claim 2, in 
which in first (E) and second (F) lines parallel in 
the transverse direction of the nail plate (4 or 4'), 
the nails are bent in the same, first or second 
direction ( a, p ), characterized in that the nails 
in the first lines (E) fonm first rows (e) transverse 
to the line direction (S5, S6) and the nails in the 
second lines (F) form second rows (f) trasverse to 
the line direction (S5, S6), and in that in each first 
row (e), the nail rears (9) are aligned along a line 
placed at least essentially at a distance equalling 
the nail thicl^ness (T) from the nail rear (9) of the 
second row (f) outwards from the nail and re- 
spectively, in each second row (f), the nail rears 
(9) are mutually aligned along a line, which is at 
least essentially at a distance equalling the nail 
thickness (T) from the rear (9) of the nails of the 
first row (e) in the direction of the nail thickness. 

8. Connector plate assembly according to any of 
claims 1-3 or 7, characterized in that the connec- 
tor plate assembly is fonmed of the said two nail 
plates (4, 4') by swinging nail plates having an 
identical nail positioning on top of each other with 
the first lines (E; K) in matching alignment with the 
second lines (F; L) and the second lines (F; L) in 
matching alignment with the first lines (E; K), 
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whereby the nails of the first and the second lines 
(E-F'; K-L') together fornn the said nail pairs (8) 
and the nails of the first and second lines (E'-F; 
K'-L) respectively, together form the said nail 
pairs (8). 5 

9. Connector plate assembly according to claim 1, 
characterized in that in the nail plates (4, 4'), the 
nails (5, 5') are shaped at the bending point (10, 

1 0') to accomplish during the punching and bend- io 
ing step a plastic deformation, which widens the 
rooth portion (1 1 ,1 1') of the nail so that, the nails 
(5 and 5') of the nail pairs (8) passing through the 
mutually left openings (6' and respectively 6), the 
root portion (11, 11') of the penetrated nail is is 
pressed between the opening sides (12), 
whereby two compression deformation areas 
(13) arise between the penetrated nail of each 
nail pair (8) and the respective opening sides, the 
deformation areas interlocking the said nail plates 20 
(4 and 4') undetachably into a connector plate 
assembly (1). 

10. Connector plate assembly according to claim 9, 
characterized in that the said plastic deformation 25 
which widens the root portion (1 1 , 1 1 ') of the nail 

(5, 5') is brought about by pressing in the nail 
plate (4, 4') blanks, at least at the point of the 
nails, before punching and bending of the nails, a 
curvature (40) projecting from the plane of the 30 
plate surface (7 and 14; 7' and 14'), the curvature 
being transverse to the length (N3) of the nail, 
whereby the bending of the nails causes the cur- 
vature dimension (41a) to straighten from the 
bending point (1 0, 1 0') into the respective straight 35 
dimension (41b), the expansion (43) being 
pressed between the sides (12) of the respective 
opening, thus fomriing two compression defor- 
mation areas (13) between the penetrated nail 
and the sides of the respective opening. 40 

11. Connector plate assembly according to claim 1 , 9 
or 10, characterized in that in the nail plates (4, 
4') the nails (5, 5') have a shape from the bending 
point (1 0, 1 0') towards the point that is sufficiently 45 
tapered or barbed or similar, whereby the open- 
ings (6,6') left by them in the nail plate are also 
tapered or shaped from the bending point on so 
that, the nails (5 and 5') of the nail pairs (8) pas- 
sing through the mutually left openings (6' and re- 50 
spectively 6), the root portion (11, 11') of the 
penetrated nail or its expanded portion is pressed 
between the tapered or similar sides (12) of the 
opening, whereby two compression deformation 
areas (13) arise between the penetrated nail of 55 
each nail pair (8) and the sides of the respective 
opening, the deformation areas interlocking the 

said two nail plates (4 and 4') undetachably into 



a connector plate assembly (1). 

12. Fire-safe butt joint (20) between two timbers for- 
med of two wooden members (21 , 22; 21', 22') or 
similar, by using the double-sided connector plate 
assembly (1) according to claim 1, which is for- 
med of at least two essentially identical nail plates 
(4, 4'), each of them comprising a plurality of lon- 
gitudinally spaced nails (5, 5'), which point away 
from the plane of the plate (4, 4') and are formed 
by punching and bending from this plate, whereby 
the openings (6,6') left by the punching of the 
nails and the longitudinally spaced nails form nail 
lines (A, B; C, D; E, F; K, L) and there is a plurality 
of such transversely spaced (HI , H2; H3, H4; H5; 
1-16) nail lines in the plate and all the nails in one 
plate point to the same side of the plane of the 
plate, whereby the wooden members are pressed 
in the connector plate perpendicularly to the 
plane of its surface, characterized in that the 
connector plate assembly extends to the side of 
the first timber (24) so that the wooden members 
(21 , 22) forming the timber are pressed on both 
sides of the connector plate assembly, the nails 
(5, 5') being embedded by their entire length (N3) 
into these wooden members, and extends 
analogously to the side of the second timber (24') 
so that the wooden members (21', 22') forming 
the timber are pressed on both sides of the con- 
nector plate assembly, the nails (5,5') being 
embedded by their entire length (N3) in these 
wooden members and in that the ends (23 and 
23') of the timbers (24, 24') abut on each other 
and the connector plate assembly extends from 
this point essentially equally far in the direction of 
each timber. 

13. Butt joint according to claim 10, characterized in 

that the width of the connector plate assembly 
perpendicularly to the length and the ends (23, 
23') of the timbers (24, 24') is smaller than the 
width of the timbers in this direction, the nail lines 
being preferably at least essentially parallel to the 
said length, and in that additional nail plates (4) 
have been pressed to each lateral surface (25, 
26) of the timbers, the additional nail plates being 
preferably of the same type as the nail plate form- 
ing a part of the connector plate assembly used, 
and the nails (5) being embedded in the wooden 
members by their entire length (N3 + T). 

14. Fixing tool for assembling the double-sided con- 
nector plate assembly (1) according to claim 1, 
the assembly consisting of at least two essentially 
identical nail plates (4, 4'), each of them compris- 
ing a plurality of longitudinally spaced nails (5,5'), 
which point away from the plane of the plate (4,4') 
and have been formed by punching and bending 
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from this plate, whereby the openings (6, 6') left 
by the punching of the nails and the longitudinally 
spaced nails form nail lines (A,B; C, D; E, F; K, L) 
and there is a plurality of such transversely 
spaced (H1 , H2,; H3, H4; H5; H6) nail lines in the 5 
plate, and all the nails in one plate point to the 
same side of the plane of the plate, and when 
needed, also for fixing the connector plate corre- 
sponding to the nail plate of the connector plate 
assembly to the wooden members as an addition io 
to the connector plate assembly, characterized 
in that the tool comprises at least one integral 
press member (30), one side (31) of which is for- 
med by alternating ridges (32) and grooves (33), 
whereby the width (M2) of the ridges essentially is 
equals or is somewhat smaller than the difference 
between the interspace (HI, H2, H3, H4, H5, H6) 
between the nail lines of the nail plate and the 
width (M1) of the root portion of the nail, whereby 
the ridges pass between the nail lines, and in that 20 
the width (M1) and depth (M3) of the groove are 
equal or greater than the width (N1) of the root 
portion of the nails and respectively the length 
(N3) of the nails as measured from the free nail- 
free surface (14, 14') of the connector plate 25 
assembly (1) on the side of these nails, whereby 
the nails of the nail plate (4,4') pass in these 
grooves as the two nail plates of the connector 
plate assembly are being pressed together. 

30 

15. Fixing tool according to claim 12, characterized 

in that the fixing tool consists of two press mem- 
bers (30 and 30') of the type described above, by 
means of which the nail plates are pressed from 
their nailfree sides (14 and 14'), with the surfaces 35 
(7 and 7') on the side of the nails facing each 
other, into contact with each other, whereby com- 
pression deformation areas (13) arise between 
the root portions (1 1 , 1 1 ') of the nails and the ope- 
ing sides (12), in order to interlock the nail plates 40 
undetachably so that a connector plate assembly 
(1) is formed. 
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